Abstract The effect of supplemented commercial diets with crystalline L-tryptophan 10 and 20 g TRP kg -1 ) on cannibalism, survival and growth parameters of pikeperch postlarvae (Sander lucioperca) was evaluated. Fifteen-day-old pikeperch larvae (mean weight-6.8 mg) were reared during the next 28 days (20.5°C, 16L:8D) in glass aquaria in a recirculating aquaculture system. The enzyme-linked immunosorbent assay showed that TRP-supplemented diets were effective in increasing the levels of serotonin (5-HT) in the body tissue of pikeperch. TRP supplementation resulted in a slight decrease in both types of cannibalism, although the reduction in cannibalism impact did not amount to more than a few percent. TRP treatment had no significant influence on the final survival of pikeperch post-larvae (ranged from 20.1 ± 12.4 to 29.0 ± 12.9 %). However, contrary to the earlier studies conducted on other fish species, no significant difference in the growth rates and feeding behavior of pikeperch between TRP-fed and control group were found. The final body weight and growth rate ranged from 0.211 ± 0.014 to 0.243 ± 0.016 and from 12.19 ± 0.38 to 12.76 ± 0.35 % day -1 , respectively. To our knowledge, this is the first study reporting the effects of TRP supplementation on the cannibalism-survival-growth relations in fish in the post-larval stage.
Introduction
The fast growth and good nutritional value of the meat have contributed to the increase in interest in aquaculture of European percid fish species. Pikeperch (Sander lucioperca) is considered among the most promising species for possible intensive fish farming in Europe (Kestemont and Mélard 2000; Teletchea and Fontaine 2014) . In the last decade, methods for pikeperch reproduction in controlled conditions have been increased substantially (review Zakęś and Demska-Zakęś 2009) . The key to the further development of the production of the pikeperch is to optimize conditions for rearing both, the larval and the juvenile stages. In farmed percid fish species, intra-cohort cannibalism, besides swim bladder inflation and non-feeding behavior, is an important factor that affects survival, especially during the early life stages of fish Kestemont et al. 2003; Babiak et al. 2004; Hamza et al. 2007 ; Mandiki et al. 2007; Szkudlarek and Zakęś 2007; Król et al. 2015) . Cannibalism is intra-specific predation. The cannibal kills and consumes the entire or major part of a conspecific individual. This behavior is widespread in farmed teleosts, and the occurrence of cannibalism has been identified in at least 36 families (Smith and Reay 1991) . Intra-cohort cannibalism is mainly caused by size heterogeneity of larvae, which is usually affected by multiple interactive and non-interactive factors such as the environment and population structure, respectively . During the first days of life, when the size dispersal of larvae is low, type I cannibalism (incomplete-biting the abdomen or tail) occurs. Later, as size heterogeneity increases, type I cannibalism is replaced by type II cannibalism (complete-total prey ingestion) (Cuff 1980; Hecht and Appelbaum 1988; Hecht and Pienaar 1993; Baras and Jobling 2002; Baras et al. 2003) . Beside several population factors (density and size heterogeneity) as well as extrinsic factors (environmental structure, temperature, and light intensity) that regulate cannibalism in fish larvae, food availability and quality are the most decisive factors which can account for the emergence and intensity of cannibalism (Hecht and Appelbaum 1988; Hecht and Pienaar 1993; Baras and Jobling 2002; Baras 2013) . The complete elimination of cannibalism in the cohort of percid larvae is probably impossible, and to date, attempts to mitigate cannibalism have mainly focused on routine size-grading and using procedures based on both extrinsic and intrinsic factors or food quantity and quality, with special emphasis on weaning protocols Szczepkowski et al. 2011) . Dietary factors could be an alternative method for limiting cannibalistic behavior in the cohort of fish larvae. Tryptophan (TRP) is the precursor of serotonin (5-HT), which is known to reduce aggression in vertebrates (including fish; Hseu et al. 2003; Höglund et al. 2005) and also in farmed aquatic invertebrates (e.g., crabs and crayfish; Laranja et al. 2010; Harlioglu et al. 2014) . Supplemented TRP in the feed enhances production of serotonin in the fish brain and usually increases resisting stress (Johnston et al. 1990; Winberg et al. 2001; Lepage et al. 2002) or decreases aggressive behavior (Winberg et al. 2001; Hseu et al. 2003; Höglund et al. 2005) . However, feeding the fish tryptophan-supplemented diet contributed to increasing levels of serotonin which tend to limit food intake and thereby resulted in depressed fish growth (De Pedro et al. 1998; Hseu et al. 2003; Papoutsoglou et al. 2005a) .
Based on those findings, the purpose of this study was to investigate the potential effect of dietary tryptophan supplementation on cannibalism, survival and growth of pikeperch post-larvae.
Materials and methods

Experimental larvae
The study material was obtained from pikeperch spawners held in recirculating aquaculture systems (RAS) in the Department of Aquaculture of the Inland Fisheries Institute in Olsztyn. The pikeperch larvae were obtained and reared before the experimental period in accordance with previously established procedures (Zakęś 2007; Szkudlarek and Zakęś 2007) .
Diet preparation
Two commercial diets, Perla Larva Proactive 5.0 and 4.0 (Trouvit Nutreco Holland) were used for preparing the experimental diets (T1, T2 and T3) and as the control diet (T0). Formulated diets contained 62 % protein, 11 % lipid, 10 % carbohydrates and 0.69 % tryptophan (1.12 % of dietary protein). Supplemented diets were prepared by the sprinkle method, containing 5 g TRP kg -1 (T1-1.19 % TRP; 1.93 % of dietary protein), 10 g TRP kg -1 (T2-1.69 % TRP; 2.74 % of dietary protein) and 20 g TRP kg -1 (T3-2.69 % TRP; 4.36 % of dietary protein). The TRP (crystalline L-tryptophan, Sigma, USA) of each treatment was weighed, dissolved in hot water plus ethanol, then sprinkled on the commercial diet and vaporized using a vacuum chamber (AGA Labor, Lublin, Poland). The diets were dried at room temperature and stored at 4°C before feeding. To avoid the palatability effect, T0 was sprinkled with ethanol solution without addition of tryptophan.
Experimental design, data collection and analysis
Before the experiment, 30 pikeperch larvae were killed by using an overdose of anesthetic (2-phenoxyethanol-2 mL L -1 ) then individually weighed (nearest to 0.0001 g) and measured (nearest to 0.01 cm). Fifteen-day-old larvae (with swim bladder inflation-ISBI at 83.3 %) were randomly divided in four groups, consisting of three replications, and fed on commercial diets without TRP (T0-control group) or with TRP (5 g kg -T1 group, 10 g kg -1 -T2 group, and 20 g kg -1 -T3 group). The fish were reared for 28 days in a recirculating aquaculture system consisting of 12 rectangle glass aquaria with a volume of 30 L each. Each aquarium was stocked with 450 larvae (with the density of 15 larvae L -1 ). The recirculating system was equipped with UV lamp, a lamellar filter for mechanical water purification and a trickling filter for biological water purification. The daily water exchange amounted to 10 % of the total unit volume (1.5 m 3 ). The water flow through the rearing aquaria was increased gradually as the larvae grew from 1.2 to 2.0 L min -1 . The fish were exposed to a 16-h-light and 8-h-dark photoperiods, and the light intensity measured just above the water surface in the rearing aquaria ranged from 60 to 75 lx. The water temperature and dissolved oxygen were measured daily and totaled, on average, 20.5 ± 0.5°C and 7.2 ± 0.6 mg L -1 , respectively. Nitrogenous compounds were measured twice a week and did not exceed 0.1 and 0.05 mg L -1 for N-NH 4 ? and N-NO 2 -, respectively. Before the experiment, from 5 to 14 days after hatching, the pikeperch larvae were fed in excess by hand with mixed feed (Artemia nauplii and commercial diet-Perla Larva Proactive 5.0) six times a day (8:00, 10:00, 12:00, 14:00, 17:00 and 20:00). Throughout the experiment, the fish were exclusively fed with Perla Larva Proactive 5.0 for the first 10 days of the experiment, and then they were gradually switched to Perla Larva Proactive 4.0. During the entire experiment, the fish were fed ad libitum six times a day at the same hours as before. The rearing aquaria were cleaned of unconsumed food and fish waste once daily in the morning before feeding. Dead fish were removed daily and ranked as truncated (the posterior damaged or tailed-off) or non-truncated (starving, intact or with traces of bites on the abdomen or head) using Stereo Microscope LEICA MZ16A with Qwin Pro software. Truncated individuals were considered as victims of type I cannibalism and non-truncated fish as deaths by other causes. Bitten abdomens or heads are typical secondary postmortem damages in farmed percids; therefore, individuals having such damages were not classified as type I cannibalism victims Babiak et al. 2004) . At the end of the experiment, all survivors per tank were counted, and 30 fish per tank were weighed (nearest to 0.001 g) and measured (nearest to 0.01 cm). Missing fish were considered as victims of type II cannibalism , where NC = number of potential cannibals, FNF = final number of fish] in each aquarium separately were also counted and weighed. Coefficients of variation in body weight [CV (%) = 100 9 SDBW 9 BW -1 , where BW = average body weight and SDBW = standard deviation of body weight] were calculated for the first and the last day of the experiment (CV IBW and CV FBW , respectively). At the same time, condition factor [F = 100 BW BL -3 , where BW = average body weight and BL = average body length] was calculated (F I and F F , respectively). Overall specific growth rates [SGR (% day -1 ) = 100 9 (Ln FBW -Ln IBW) 9 t -1 , where FBW = average final body weight and IBW = average initial body weight (g); t = 28 days] were also calculated (SGR 0-28 ). CV FBW , F and SGR 0-28 were calculated based on weights of 30 fish in each tank without potential cannibals.
Determination of serotonin (5-HT) levels
At the end of experiment, 15 fish from each group were killed (anesthetic overdose), than separately maintained in an Eppendorf tube [containing 1 % sodium citrate as anticoagulant (1:1) and 1 % ascorbic acid solution] and stored at -80°C until needed. Because of small fish size (\0.3 g body weight), whole fish were used for estimation of serotonin levels. Briefly after thawing, fish were homogenized with PBS buffer (pH 7.2) and tissue homogenates were centrifuged twice at 10,0009g for 2 min at 4°C. The supernatant was removed and used for the 5-HT determination by enzyme-linked immunosorbent assay (ELISA) according to kit instruction (IBL, Hamburg, Germany).
Statistical analysis
Growth parameters, all mortality type and survival were compared using one-way ANOVA. Normality of parameters distribution was tested by Kolmogorov-Smirnov test. The data expressed in percentages were Arcsine-transformed prior to the statistical analysis. Significance of differences between groups was estimated using a post hoc Duncan's multiple range test. For CV and potential cannibals (%) values, a nonparametric KruskalWallis test was used. Multiple regression analysis was used to estimate relationships between both cannibalism types, number of potential cannibals and survival (r = standardized regression coefficient and F = value of Fisher's test). Null hypotheses were rejected at P \ 0.05. Analyses were performed using Statistica software (StatSoft).
Results
Serotonin levels
ELISA showed that TRP-supplemented diets were effective in increasing the levels of serotonin (5-HT) production in the body of pikeperch. Serotonin concentration in fish tissues increased proportionally to the dose of TRP in the feed (Fig. 1) .
Cannibalism and survival
The intensity of type I cannibalism was affected by the TRP content, but exclusively during the first 8-14 days of the experiment, when the highest mortality was observed in group T0 (Figs. 2, 3 ). In the following days, this type of cannibalism was switched to complete cannibalism (type II). Type II cannibalism was not significantly affected by TRP content, but the highest mortality was also observed in group T0 (Fig. 3) . Mortality caused by type II cannibalism significantly and negatively affected the final survival (r = -0.89; F = 41.21; P \ 0.05) contrary to mortality caused by type I which did not exert major impact on final survival (P [ 0.05). Mortality due to other causes than cannibalism was relatively frequent, but did not differ among groups (Fig. 3) . The average survival at the end of experiment did not differ among groups (Fig. 4) . The number of cannibals was not affected by TRP content (Table 1) , nonetheless significantly and negatively affected the final survival (r = -0.71; F = 10.33; P \ 0.05).
Growth performance
Over the entire experiment, body weight increased from 0.0068 g (IBW-day 0) to more than 0.28 g (FBW-day 28). The final body weight (FBW), final body length (FBL) and total specific growth rate (SGR 0-28 ) did not differ among all the experimental groups (Table 1) . Fish indicated as potential cannibals were three times as heavy as conspecifics, irrespective of TRP treatments (Table 1) . Coefficient of variation in FBW (CV FBW ) remained at the same level as coefficient of variation in IBW (CV IBW ) and did not differ among all the groups (Table 1) . TRP treatment also had no significant effect on final condition factor of the pikeperch (F F , Table 1 ). At the end of experiment, all the fish checked (4 groups 9 30 fish) had inflated swim bladder (FSBI = 100 %, Table 1 ).
Discussion
Effects TRP on cannibalism and survival
The results of presently reported study confirmed that cannibalism was the main contributor to the mortality of pikeperch post-larvae, and the losses of type II cannibalism outnumbered those of type I cannibalism Szkudlarek and Zakęś 2007; Szczepkowski et al. 2011) . The difference between the respective contributions of type I and type II cannibalism here probably resulted due to the fact that our study started with larvae with incomplete inflated swim bladder (83.3 %) and thereby accelerated emergence of complete cannibalism. This occurs because percid larvae with non-inflated swim bladders are easy victims for cannibals due to the impairment of motor skills (Czesny et al. 2005; Szczepkowski et al. 2011) . Moreover, early appearance of type II cannibalism could establish specific dominance hierarchy in the fish cohort and thereby limit the possibility of incomplete cannibalism. Duration and intensity of type II cannibalism are dependent on fish size distribution and the number of cannibals in the stocks (Baras and Jobling 2002) , so it could be easily reduced by size sorting or elimination of cannibals from tanks (Szkudlarek and Zakęś 2007; Szczepkowski et al. 2011) . In this study, during all of the experiment, potential cannibals were not removed from the aquaria, which could probably reduce losses caused by cannibalism. Besides, type II cannibalism is facilitated by growth advantage gained during type I cannibalism , so mitigation of early aggressive behavior (type I cannibalism) is more important for aquaculture of European percid fish species. Optimization of feeding schedules in all nutritional aspects can minimize losses due to cannibalism in intensive fish farming (Kubitza and Lovshin 1999) . Dietary supplementation of TRP has been shown to reduce aggressive behavior in several fish species, including the rainbow trout Oncorhynchus mykiss (Winberg et al. 2001) , the orange-spotted grouper Epinephelus coioides (Hseu et al. 2003 ) and the Atlantic cod Gadus morhua (Höglund et al. 2005) . The aforementioned studies suggested that effects of TRP on the reduction in aggressive behavior in fish originated from a higher brain 5-HT activity. However, no significant effect of TRP on hypothalamic 5-HT levels was detected, though suppressed aggressive behavior in the Amazonian characid Brycon amazonicus (Wolkers et al. 2014) were also found. The results of the present study showed that dietary supplementation with TRP suppressed aggressive behavior in post-larvae of pikeperch. Especially, type I cannibalism was significantly affected by the TRP treatment. Type II cannibalism was not significantly affected by TRP treatment, but slightly higher losses of fish were observed in the control group. TRP-supplemented diets were effective in increasing the levels of serotonin (5-HT) in the tissue of pikeperch, which supported the statement that effects of TRP on the reduction in cannibalism in fish originated from a higher brain 5-HT activity. However, in view of the rapid increases in TRP hydroxylase enzyme activity and in 5-HT concentration, mechanisms other than increased 5-HT biosynthesis may be involved in the control of aggression by TRP (Jacobs and Fornal 1991; Aldegunde et al. 2000; Wolkers et al. 2014) .
In the present study, TRP treatments were ineffective in increasing the survival observed at the end of experiment, probably because mortality due to causes other than cannibalism was relatively frequent. High mortality (starving and non-truncated fish) probably resulted from too early weaning time (transition from live feed to dry feed) used here (15 days post-hatch). Pikeperch larvae should be weaned from 18 to 21 days posthatch, if they are fed mixed feed or later than 19 days post-hatch, if they are weaned without co-feeding procedure (Szkudlarek and Zakęś 2007; ). The relation between mortality and cannibalism in pikeperch larvae as the impact of weaning age was found, where the lowest mortality (48.1 %) and high cannibalism (36.7 %) were obtained in pikeperch weaned on day 19 post-hatch, whereas the highest mortality (68.6 %) and low cannibalism (13.8 %) were obtained in fish weaned on day 12 post-hatch ). In the aforementioned study, final survival of the pikeperch was lower than in the present study and ranged from 17.7 to 15.3 % for the ones weaned on day 12 post-hatch and on day 19 post-hatch, respectively. No significant effect of TRP supplementation on the survival in the orange-spotted grouper (Hseu et al. 2003) and European catfish Silurus glanis (Król et al. 2014 ) was found. Compared with survival obtained in the other, previous studies will be pointless because usually TRP effect on aggressive behavior was tested in juvenile fish (not in the larvae or post-larvae as here) or in non-obligate carnivores taxa, e.g., rainbow trout, and sometimes the aspect of survival was beyond the scope of these studies (Winberg et al. 2001; Höglund et al. 2005; Wolkers et al. 2014 ).
Effects TRP on growth
Effects of TRP supplementation on aggression and dominance hierarchies in fishes can also be mediated by variations in growth as high levels of serotonin tend to limit food intake and growth in fish (De Pedro et al. 1998; Hseu et al. 2003; Papoutsoglou et al. 2005a, b) . These effects are expectedly higher in the larger fish, presumably the dominant ones, and in those which can consume a higher proportion of the feed offered (Winberg et al. 2001) . Hseu et al. (2003) observed that groups of fish treated with TRP expressed lower growth rates and suggested that this could be an effect of increased brain serotonergic activity and decreased aggression and/or appetite. Also treatment of TRP-supplemented feed resulted in depressed growth, increased food consumption and food conversion ratio in juvenile rainbow trout and European sea bass Dicentrarchus labrax (Papoutsoglou et al. 2005a, b) . In the present study, feed was offered ad libitum and feed intake was not studied; however, in contrast to previous studies, there was no negative effect of TRP supplementation on the growth of pikeperch post-larvae. Hseu et al. (2003) reported also that feed supplemented with TRP induced decreased size heterogeneity in juvenile grouper which can impact on intensity of cannibalism within a fish cohort. In the presently reported study, TRP treatment had no significant effect on final size heterogeneity in pikeperch post-larvae. The growth rate and size heterogeneity of pikeperch post-larvae here were similar to the ones observed in the previous studies (Szkudlarek and Zakęś 2007; Szczepkowski et al. 2011) .
To our knowledge, this is the first study reporting the effect of TRP supplementation on the growth and cannibalism-survival relations in fish post-larvae. In the previous studies, usually TRP effect in juvenile fish was evaluated. In summary, the results of this study showed that dietary supplementation with TRP alters the aggressive behavior of pikeperch post-larvae, and this change in behavior was probably correlated with the 5-HT levels. This effect could be even more pronounced when combined with other methods for decreasing cannibalism, such as optimal stocking densities or size sorting which was not studied here. Moreover, TRP-supplemented diet (5, 10 and 20 g TRP kg -1 ) had no negative effect on growth rate of pikeperch post-larvae that suggested further study on optimal time (earlier, e.g., at co-feeding procedure) or dose (higher) of TRP treatment. The latter is a result of the fact that the nutritional requirements of percid fish are still unknown and commercial diet dedicated to these species is not available on the market.
